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This study examines the empirical basis for the suggestion that both dis- 
embodied technical progress and embodied technical progress in the 
capital stock and in labour have been important in the United States in 
the period 1947-1980. The results obtained by using a constant elasticity 
of substitution production function suggest that disembodied technical 
progress has been about 3% per year, embodied technical progress in the 
capital stock is in the neighbourhood of 3 to 4% annually and educa- 
tional attainment significantly enhances labour productivity. Finally, when 
the structural stability of the underlying production relationship is 
examined, the period 1971- 1980 gives rise to some inconsistency. 
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Introduction 
Recently there has been renewed interest in the empirical 
basis for suggesting that improvements in efficiency have 
contributed significantly to growth (or lack thereof) in aggre- 
gate output in the United States. A variety of approaches 
have been used in assessing the impact that the increase in 
efficiency (technical progress) of the various factors of 
production have had. These approaches are surveyed else- 
where.lt2 
What one used to find in these studies was that techni- 
cal progress was usually assumed to be embodied in new 
physical equipment.3 Recently, however, education has 
become an issue. The argument runs as follows: if we 
view education as an investment, and look at how educa- 
tion has grown relative to output,4 there is an impetus for 
establishing a causal link between education and produc- 
tivity. The essential element in evaluating this assertion 
is that education is a factor of production or at least can 
be considered as augmenting a factor of production (i.e. 
the labour force). Its primary function may be allocative’ 
or it may be physically productive. We shall focus on the 
latter consideration in this paper. 
Theoretical consideration 
The impact of productivity can be measured explicitly 
via a production function or from distribution theory 
where the production function is implicit. Consequently 
the accurate specification of the form and estimation of 
the parameters of the production function are critical to 
the assessment of the impact of the factor inputs on output. 
Consider the aggregate, two factor, twice differentiable 
production function: 
Q =Af@,K) (1) 
where A reflects disembodied technical change and the 
function f is homogeneous. Differentiating with respect 
to time and dividing by Q yields: 
do dQ 
( 
afLdl,+MfKa _=_-__ -- 
A Q QL QK 1 
(2) 
where fL and fK denote the partial derivatives of output 
with respect to L and K and the variables preceded with a d 
refer to time derivatives of the variables Q, L, and K. 
It is apparent from this relationship that the size of the 
residual (i.e. dA/A) and its stability over time is dependent 
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upon (1) the form of the production function that deter- 
mines the character of the estimates of fL and fK, (2) the 
proper measurement of L and K and adjustment for their 
quality changes and (3) the importance of variables other 
than K and L (such as energy and materials) that are 
omitted from the function specification. 
Suppose that the production function is given as: 
Q = ,4(6L+ + (1 - 6) K -fl)-(l/fl) (3) 
(Note that this is just a constant elasticity of substitution 
productive function.) 
In this instance, equation (2) becomes: 
(4) 
where /3 is the elasticity of substitution between K and L. 
Consequently, any errors arising from the miss-specifica- 
tion of the functional form will influence dA/A. This 
residual then, is just a weighted sum of the growth of the 
quality changes embodied in the conventional K and L 
inputs. 
It is evident that any errors in the definition of the 
variables or in estimating the parameters of the aggregate 
production function will have an impact on the measure- 
ment of the contribution of the various factors of produc- 
tion to output. The present objective is to devote our 
attention to removing the bias arising from the inadequate 
measurement of labour. 
Assuming that the production function is properly 
specified and that the inputs are adequately measured, 
what can be said about the forces which explain move- 
ments in factor productivity? There are a variety of 
forces and delineating them into well specified categories 
is a difficult task. Nevertheless, two considerations have 
been suggested as determinants of factor productivity: 
the technical characteristics of the production process and 
the movement of the relative factor prices. The technical 
characteristics that are typically considered include: 
(a) The efficiency of production (i.e. reducing the unit cost 
of all factors of production equally by employing better 
techniques); 
(b) the bias of technical change (i.e. the nature of the new 
technique is such that it leads to a greater saving in one 
input than in the others); 
(c) The elasticity of substitution, which measures the ease 
of exchanging factors of production in the course of the 
production process; 
(d) the scale of operation of the production process (i.e. 
economies or diseconomies that arise due to changes in the 
scale of operation of the economy). 
In our discussion we are primarily concerned with the 
first and second characteristics. Unfortunately, the 
characteristics of technical progress are highly inter- 
dependent and cannot easily be distinguished. Among the 
conceptual problems are the following: 
(a) There is no general agreement on the precise definition 
of bias in technical change. There are a number of ways of 
defining technological bias.6 Change in relative shares of the 
inputs is often used as a measure of technical bias. The 
Hicksian definition measures the bias along a constant 
capital-labour ratio; the Harrodian definition measures the 
bias along a constant capital-output ratio; and Solow’s 
definition measures bias along a constant labour: output. 
(b) If technical change is embodied in capital and labour, 
the bias.in technical change will depend upon the elasticity 
of substitution and the differential rates of growth of 
labour and capital embodiment. Embodiment simply means 
that because of technological advance, the new inputs are 
more efficient than the old inputs. The embodiment effect 
should be clearly distinguished from the augmentation 
effect and quality correction of the inputs. The augmenta- 
tion effect means that the productivity increase of an 
input due to technical advances is expressed as equivalent to 
a specific increase in its quantity. Embodiment of technical 
change in capital, for example, could produce labour- 
augmenting (but capital embodied) technical change. 
(c) The technical characteristics do not necessarily 
remain constant over time. 
Towards empirical implementation 
The above section has outlined the underlying theoretical 
considerations. This section now will focus on translating 
these aspects into a format that permits estimation. 
The two-factor constant elasticity of substitution (CES) 
production function has been one of the most widely dis- 
cussed functions in recent economic literature.7 It has all of 
the properties of the neoclassical production function and 
includes the Cobb-Douglas and the Leontief production 
functions as special cases. It was derived from the empirical 
relationship: 
(5) 
where Q,(t) denotes output produced at time t on equip- 
ment of vintage v, L,(t) denotes the labour input employed 
at time t on capital equipment of vintage P, W is the wage 
rate and P is the price of output; e,(f) is a stochastic term 
and b is the estimate of the elasticity of substitution. 
This relationship assumes optimization behaviour (i.e. 
cost minimization), the existence of an aggregate produc- 
tion function with disembodied technical change, the inde- 
pendence of (Q/L) from capital intensity (K/L), no 
measurement errors in the variables and no adjustment lag 
between (Q/L) and (W/P). The explicit form of the CES 
production function derived from equation (5) is: 
Q,(t) = A ew@WG!O) 
+ G,(exp [t(v - t)]l(v)-P))-(l/P) (6) 
where A eht denotes (and reflects) disembodied technical 
progress, t denotes the rate of depreciation, fl denotes the 
substitution between capital and labour, I(v) denotes gross 
investment in capital equipment of vintage v, and 6i and 82 
are just the reponsiveness of output to changes in the 
factor inputs. 
According to equation (6), average labour productivity 
depends on capital intensity, K/L and the magnitudes A, 
Sz, Sz and /3. The elasticity of substitution, u, equals 
l/(I + 0). 
Solving this over all vintages (that is, solving for total 
output on all employed vintages of the capital stock) 
yields: 
Q(t) = Q,(t) dv (7) 
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This variable will be positive and increasing during 
periods of increasing business downtown as actual hours 
worked fall further below full employment hours. Alterna- 
tively, during periods of business boom, u can be negative. 
A number of approaches can be used to tie potential 
output, Q*(t) and actual output, Q(t) together via the 
unemployment rate. The one adopted is of the general 
form: 
which is simply: 
Q(t) = A e”t(6 1 Lip(t) + 62K~p(~))-(1’p) dv (7a) 
where: 
K,(t) = exp [t;(v - f)l z(v) 
K,(t) represents capital stock with each machine weighted 
by a technical progress factor reflecting its age. 
If the total labour supply is given by: 
L(t) = 
I 
L,(t) dv 
-cc 
Solow has shown that if the labour supply is optimally 
distributed over capital of all vintages (i.e. if output is 
maximized subject to the constraint given by the labour 
supply), total output will be given by: 
Q(t) = A ehf(6 1 L(t)+ + 62K(t)-P)-(1iP) 
where: 
(8) 
K(t) = 
s 
exp Mv - [>I Z(v) dv 
--m 
This latter is the net capital stock term. 
In this specification, if the rate of growth in the capital 
stock is zero, the technology embodied in the capital stock 
will grow by X since new investment is just replacing 
machines that are being retired. Positive net investment 
works in two ways to increase the rate of growth in K. 
First, it will generate positive rates of growth in the capital 
stock. Second, it will lower the average age of the capital 
stock. 
The inferences one draws from this approach rests upon 
comparing the estimated parameters and their associated 
test statistics and the coefficients of multiple correlation 
arising from production functions estinated with and with- 
out the time trend. To gain insights into the importance of 
disembodied technical progress and embodied technical 
progress in these deliberations, various factor input series 
will be used that assume different levels of embodied tech- 
nical progress in the capital stock. The labour variable will 
be measured with and without consideration of the im- 
portance of education. 
Data 
We now direct attention to empirically estimating 
relationship (8). The inferences that result are useful in 
several ways. First, the specification allows for the joint 
estimation of embodied and disembodied technical pro- 
gress. Second, whether technical progress is embodied in 
the improved quality of labour as well as improved quality 
of capital is subject to examination. 
The data employed here are annual observations for the 
non-residential business sector for the United States 
economy for 1947-1980. The original data for 1947-1976 
taken from Denison’are extended for 1977-1980. 
Disembodied progress and progress embodied in the 
capital stock and the labour force are objectively esti- 
mated via the aggregate (i.e. economy-wide) constant 
elasticity of substitution production function. Before we 
can feel comfortable with the results of such an estimation 
process, the existence of constant returns to scale are 
required. (The inferential consequences of rejecting this 
hypothesis have been shown by Intriligator.‘) Fortunately, 
as will be demonstrated, constant returns to scale appear to 
characterize the aggregate production process. 
The labour force variable is measured as an index (base, 
1972) and is weighted by the changes in the educational 
attainment level of the labour force. Two measures are 
considered including an unweighted index of the number 
of hours worked (L1), and an index of the number of hours 
worked weighted solely by the educational attainment 
level (L,). 
The capital stock variable is also an index (base, 1972) 
and is measured as the net value of structures and equip- 
ment. The net value of capital stock is the total value of 
capital stock less depreciation. This reflects the use of K 
directly as a capital augmenting factor in the series for 
capital stock weighted by X where h equals the annual 
rate of technical progress embodied in the capital stock. 
In the current instance h takes on the values 1 (i.e. no 
technical progress) 2,3,4 and 5. 
Implicit in our discussion of output, so far, has been the 
understanding that the inputs are being combined in such a 
way as to produce the maximum potential output. Cylical 
factors exist deficto precluding the realization of this 
ideal. That is, there is a disparity between the actual output 
level and the potential output level. To take account of the 
disparity the unemployment rate is introduced. Formally 
defined, the unemployment rate, u, is: 
Actual output, Q*(t) is measured as an index of gross 
national product measured in constant (1972) prices (i.e. 
Q*(1972) = 100). 
The unemployment rate was computed from the full 
employment series of Data Resources Incorporated” and 
the Bureau of Labor Statistics actual manhour series.” 
Empirical results 
U=l- 
actual working hours 
The first issue that must be resolved is that of constant 
full employment working hours returns to scale. After correcting for serial correlation and 
Q*(t) = exp( f b$ Q(l)) 
j -z CJ (9) 
Preliminary analyses showed that i = 2 provided a 
very acceptable fit. Consequently, the quadratic form is 
used throughout the remainder of the discussion. 
These considerations give rise to a production function 
to be estimated of the form: 
Q*(t) = A exp(ht) exp(be+ biu + b,~*)(6~L(t)-~ 
+ ~*K(t)-~)-(1~~) (10) 
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comparing the unrestricted and restricted (i.e. the model 
estimated with the restriction S1 + h2 = 1) model estimates 
via the standard F test (see Johnston12), it is consistently 
the case that for the various capital/labour data combina- 
tions (i.e. assuming the various rates of embodied technical 
progress in the capital stock and the two alternative 
measures of labour), constant returns to scale as the null 
hypothesis cannot be rejected. Thus, for example, when 
there was assumed to be no embodied technical progress 
in the capital stock and when the L 1 definition of the 
labour variable was used, the computed test statistic was 
3 .15 (based on -2 times the difference of the log of the 
likelihood functions of the restricted and unrestricted 
models which we know is distributed as a x2 with the 
number of degrees of freedom equal to the number of 
restrictions (one in this instance).13 The critical value in 
this case is x&,s(l) = 3.84 suggesting that we cannot reject 
the hypothesis of ?jl + h2 = 1. As noted similar results 
follow for the other data series. 
As a result of the imposition of this restriction the 
model to be estimated is a little less complicated. It can 
now be written as: 
Q*(t) =A exp(Xt) exp(b0 + blu + b2U2)(61L(t)-P 
+ (1 - 61) K(t)-@)-(lI@ (11) 
This equation was estimated using a full information 
maximum likelihood approach. 
With these observations in mind, we now turn to the 
actual estimated that are used for inferential purposes. The 
estimation results are too voluminous to report in exhaus- 
tive detail, so only the highlights are given. These can be 
found in Tables I-5. Note that there was a correction for 
serial correlation whose absence is now indicated by the 
Durbin-Watson statistics. Each regression is reported first 
with the time trend and next with the time trend omitted 
(X = 0). 
It can be inferred from these results that neither 
embodied technical progress nor disembodied technical 
progress can be considered independently of the other. 
The results for disembodied technical progress in the 
capital stock (those given in Table I with the time trend) 
typically have lower explanatory power (reflected in the 
adjusted R2) than analogous regressions reflecting positive 
embodied technical progress. Similarly, the regression 
results for embodied technical progress alone (i.e. those 
without the time trend) also consistently have lower ex- 
planatory power than regressions including the time trend 
of the order of 4-S%). Moreover, the estimates of dis- 
embodied technical progress (i.e. h) are all statistically 
significant at the 95% level. As a consequence of these 
results, embodied and disembodied technical progress 
must be treated coincidentally. 
Other results warranting a comment are the reasonably 
food fit of all the regressions. The estimates are uniformly 
statistically significant. The estimate of & is substantially 
higher in the regressions excluding the time trend since 
all improvements in productivity are assumed in this in- 
stance to be embodied. In the regressions including a time 
trend, disembodied technical progress, h, tends to be fairly 
robust with a value around 0.03 (subject, of course, to 
statistical variability). This implies that disembodied 
technical progress is about 3% per year. This is roughly 
consistent with the results of others over similar time 
horizons.g 
Table 1 Estimation results for capital stock with a zero rate of growth in embodied technical progress 
Labour 
variable 
Coefficients* 
A b, b, 6, P h RZ t D.W.$ 
L, 0.9039 -7.1033 
(0.3622) (2.9270) 
1.0436 -3.6154 
(0.5009) (1.5423) 
L* 0.9263 
(0.4211) 
-7.4360 
(3.0150) 
1.056 1 
(0.4332) 
-3.7431 
(1.0219) 
-2.0890 
(0.39861 
-1.0915 
(0.29631 
-2.1033 
(0.5211) 
- 1.0060 
(0.0488) 
0.8921 
(0.4040) 
0.2561 
(0.1193) 
0.8305 
(0.3621) 
0.2045 
(0.0936) 
0.5607 0.0361 0.6684 1.91 
(0.2619) (0.0113) 
0.4925 
(0.1656) 0.6250 1.21 
0.4519 0.0321 0.6758 2.13 
(0.1989) (0.0120) 
0.4211 0.6283 1.34 
(0.1854) 
*Standard errors of estimates in parentheses 
t Adjusted coefficient of determination 
t Durbin-Watson statistic 
Table 2 Estimation results for capital stock with rate of growth in embodied technical progress, 2% (key as in Table 1) 
Labour 
variable 
Coefficients* 
A b, b, 6, P h RZ D.W. 
Ll 0.9007 -7.0561 -3.1517 0.8924 0.6431 0.0342 0.6692 2.01 
(0.3869) (2.6625) (I .5923) (0.4050) (0.2863) (0.0151) 
1 .I036 -3.5152 -0.9773 0.2361 0.5833 0.6263 1.39 
(0.4862) (1.2430) (0.4125) (0.1178) (0.1992) 
L* 0.9165 - 7.0963 -3.0620 0.8336 0.5421 0.0302 0.6830 2.12 
(0.4022) (3.0454) (1.4312) (0.3621) (0.02117) 
1.0639 -3.4619 -1.0651 0.2151 0.4989 0.6315 1 .a0 
(0.4215) (1.3622) (0.3991) (0.0906) (0.2136) 
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Table 3 Estimation results for capital stock with rate of growth in embodied technical progress, 3% (key as in Table 1) 
Labor Coefficients* 
variable 
A b, b, 6, P h R= t D.W.$ 
L, 0.8217 -6.9787 -3.1516 0.8913 0.6555 0.0334 0.6701 2.0 
(0.1308) (2.0013) (1.5787) (0.3984) (0.3144) (0.0125) 
0.9574 -3.4612 -1.2914 0.3047 0.6052 0.6254 1.76 
(0.1883) ( 1.0592) (0.5916) (0.1261) (0.2064) 
L, 0.8417 -7.0771 -3.0526 0.8194 0.6365 0.0291 0.6851 2.1 
(0.1501) (3.0021) 11.2151) 10.3667) (0.2587) (0.0107) 
0.9016 -3.5521 -1.3104 0.2360 0.5876 0.6329 1.89 
(0.1969) (1.0613) (0.0463) (0.1191) (0.1986l 
Table4 Estimation results for capital stock with rate of growth in embodied technical progress, 4% (key as in Tab/e 7) 
Labor Coefficients* 
variable 
A 6, b, 6, P A R”t D.W.J: 
L, 0.8376 -4.4435 -3.2446 0.8767 0.7109 0.0328 0.6705 2.09 
(0.0491) (2.097) (1.394) (0.3831) (0.3269) (0.0115) 
1.0690 -2,9555 - 1.8439 0.2461 0.6480 0.6259 1.88 
(0.1521) (1.3620) (0.8663) (0.1298) (0.2965) 
L* 0.8952 -4.3691 -2.8995 0.8159 0.6843 0.0273 0.6865 2.10 
(0.3671) (2.0543) (1 .I5431 (0.3992) (0.1921) (0.0094) 
1.0362 -2.1153 -1.9413 0.2005 0.6159 0.6301 1.90 
(0.2162) (I .0036) (0.5021) (0.0919) (0.3061) 
Table 5 Estimation results for capital stock with rate of growth in embodied technical progress, 5% (key as in Table 7) 
Labor Coefficients* 
variable 
A 6, 6, 6, P h R2t D.W.$ 
L, 0.7355 -4.1315 -3.2431 0.8711 0.8759 0.0369 0.6680 2.08 
(0.055721 (2.046) (I .393) (0.3621) (0.4262) (0.01701 
0.9361 -2.0431 - 1.3040 0.2843 0.7960 0.6231 1.81 
(0.2081) (I .OOOl) (0.6215) (0.1163) (0.31 IO) 
L, 0.7942 -2.6311 -1.9214 0.8365 0.7943 0.0298 0.6741 2.09 
(0.3151) (1.0695) (0.8433) (0.4102) (0.2801) (0.0095) 
0.8613 - 1.0501 0.6690 0.2631 0.7621 0.6283 1.75 
(0.351 I) (0.4061) (0.3008) (0.1042) (0.3915) 
A closer look at the results when both embodied techni- 
cal progress and disembodied technical progress are con- 
sidered and using the adjusted multiple correlation coeffi- 
cient as the criterion, one finds the suggestion that the 
rate of embodied technical progress in the capital stock is 
between 3 and 4%. This is, again, approximately consistent 
with the results of others (e.g. it is slightly higher than the 
results of McCarthy14 of 2.2% and slightly lower than 
Intriligator’s8 result of 4%. 
The impact of changes in the educational level as it is 
reflected in the labour variable is clearly significant. There 
is a definite improvement in the fit of the equation with the 
educational considerations included. The implications are 
clear. Education as it is embodied in the labour force has a 
positive and quantifiable effect on output. Due to the way 
the variable is measured, however, as well as to the prob- 
lems alluded to previously, it is not possible to obtain a 
precise estimate of this effect. 
With regard to the elasticity of substitution, the results 
here suggest hat it is less than one. This is consistent with 
most other’ empirical results. 
One can conclude that disembodied technical progress 
can be estimated at about 3% annually, embodied technical 
progress in the capital stock is in the neighbourhood of 
3-4%, educational attainment significantly improves pro- 
ductivity of the labour force, and the response of output 
to a 1% increase in labour (which possesses the embodied 
technical progress) is about 0.82%. 
Testing for structural stability 
Much of the above analysis has focused on embodied 
technical progress and disembodied technical progress. 
When attempting to draw meaningful inferences over the 
historical period is is of considerable concern whether or 
not the estimated relationships have been stable. (Stability 
is defined in the statistical sense of the estimated coeffi- 
cients of the explanatory variables remaining constant over 
time.) Policy inferences are made on the basis of past 
behaviour. If the functional relationship has been subject to 
change, then necessarily the inferences will be unsatisfactory 
in part. 
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The purpose of this section is to examine the question of 
the existence of a stable production relationship using a test 
developed by Brown et a1.4 The approach is adopted in 
preference to others available (e.g. dummy variables”) 
because it does not require prior knowledge of the point 
of the shifts; rather, it tests for the presence of such occur- 
rences over the sample period. To give an appreciation of 
the test, it is briefly discussed. A way of investigating the 
time-variation of a regression coefficient is to fit the regres- 
sion on a short segment of y1 successive observations and to 
move this segment along the series. A significance test for 
constancy based on this approach is derived from the 
results of regressions based on non-overlapping time 
segments. The method relies on a test statistics which 
equals the difference between the sum of squared residuals 
of the entire sample less the cumulative sum of squared 
residuals of the non-overlapping segments. The null 
hypothesis that the regression relationship is constant 
over time implies that the value of the test statistic is 
distributed as F. Specifically, consider the time seg- 
ments for a moving regression of length n, (1, n), 
((n + l), (2n)), . . ((p - 1) n + 1, T), where p is the 
integral part of T/n and the variance ratio considered (i.e. 
the homogeneity statistic) is: 
V-@)W, r)-a a=- 
W--k) A 
(12) 
where k is the number of regressors, A = (S( 1, n) + 
(S(n + l), 2~2) + . . . + ((pn -n + l), T)), and S(r, s) is 
the residual sum of squares from the regression calculated 
for observations t = Y to s inclusive. This is equivalent to 
the usual ‘between groups over within groups’ ratio of mean 
squares and under He is distributed as t(kp - k, T - kp). 
Relying on the previous discussion, the objective is to 
explicitly test for the stability of the production relation- 
ship using the various definitions of the capital stock and 
the labour force. Dividing the data for 195 l-1980 (note 
that the first four observations are omitted) into three 
equal length intervals (i.e. p = 3 and n = 10 corresponding 
to 1951-1960,1961-1970, and 1971-1980) allows for the 
computation of the test statistic. 
The value of w, the test statistic, is computed via equa- 
tion (12). Once again a complete reporting of the estimates 
would provide little useful insight. A representative value 
is all that is needed. Thus, for example, for an assumed 
embodied technical progress grow rate of 4% in the capital 
stock and using the second definition of the labour vari- 
able, w is computed to be 10.63. The critical value is 
Fo.os( 10, 15) = 2.54. In this instance and in others the 
null hypothesis of structural stability over the period 
1951-1980 is rejected. If the period 1971-1980, however, 
is omitted from the sample, o for the same data series is 
computed to be 1.94. In this case the critical value of the 
test statistic is Foeos(5, 10) = 3.33 so that the null hypo- 
thesis of structural stability cannot be rejected. (Similar 
results follow for the other series.) Hence, from this one is 
led to the conclusion that the instability in the production 
relationship is a result of the events of the decade of the 
seventies. Denisong has looked at these events in detail 
and that exercise need not be repeated here. 
Given these results with regard to the instability of the 
estimated relationship, what can be concluded about the 
results of the previous section? A re-estimation of the 
production relationship reveals that when the data are 
divided into two periods, one covering the interval 195 I- 
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1970 and the other covering 1971-1980 the results for the 
first interval did not change appreciably. Hence the implica- 
tions previously noted are valid. For the second interval, 
however, statistically significant results are conspicuous by 
their absence. Not only are the estimates not consistently 
significant but the estimates are not robust changing both 
magnitude and sign in response to minor specification 
variations and definitions of variable changes. Little can be 
inferred from this. 
Conclusions 
This study has endeavoured to examine both disembodied 
technical progress in the capital stock and in labour in the 
USA for the period 1947-l 980. The results suggest hat 
disembodied technical progress has been about 3% per 
year, embodied technical progress in the capital stock 
is approximately 3-4% per year and educational attainment 
significantly enhances labour productivity. Finally, when 
the structural stability of the underlying production 
relationship is examined, the period 1971-1980 gives rise 
to some inconsistency. 
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